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(57) [Object] To provide an image processing appa-
ratus, an image processing program, and an image
processing method that are capable of achieving visibility
of the entire image used for capturing a microscopic im-
age and accuracy of image processing at the same time.

[Solving Means] The image processing apparatus
according to the present technology includes an output
value obtaining unit, a first interpolation unit, a second
interpolation unit, an image generation unit, and a first
edge detection unit. The output value obtaining unit ob-
tains respective output values of a plurality of light-re-

ceiving elements from an image sensor including the plu-
rality of light-receiving elements arranged two-dimen-
sionally. The first interpolation unit uses a first interpola-
tion algorithm to interpolate a pixel value. The second
interpolation unit uses a second interpolation algorithm
to interpolate a pixel value. The image generation unit
generates an image based on a pixel value, which is in-
terpolated by the first interpolation unit. The first edge
detection unit detects an edge using a first edge detection
algorithm based on a pixel value, which is interpolated
by the second interpolation unit.
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Description

Technical Field

[0001] The present technology relates to digital imag-
ing that can be used for pathological diagnosis or the like.

Background Art

[0002] In digital imaging of microscopic image used in
the filed such as pathological diagnosis, a sample (slide)
on which a pathological tissue or the like is fixed is imaged
by an imaging apparatus via a microscope. Here, an im-
age of the range that needs to be observed by the mi-
croscope in the sample (hereinafter, observation target
range) is generally captured a plurality of times while
moving the visual filed range of the imaging apparatus
because the visual field range of the imaging apparatus
via the microscope is fine. The captured images (here-
inafter, microscopic images) are brought into alignment
with each other and bonded to each other, thereby gen-
erating a microscopic image in the observation target
range.
[0003] In many cases, the entire sample is imaged at
another magnification or by another optical system or
another image sensor before microscopic imaging, and
image processing is performed on the thus-obtained im-
age (hereinafter, entire image), thereby detecting the
above-mentioned observation target range. In Patent
Document 1, for example, "specimen area detection
method" in which the observation target range is detected
from an image of the entire sample and the range is im-
aged via a microscope is disclosed.
[0004] The entire image is used also as a list image
(thumbnail image) for an observer to search for a desired
microscopic image. Furthermore, information (character,
barcode, etc.) or the like for identifying the sample is dis-
played on the sample in some cases, and such informa-
tion is read from the entire image.

Citation List

Patent Document

[0005] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2012-117930

Disclosure of the Invention

Problem to be solved by the Invention

[0006] In the above-mentioned digital imaging, howev-
er, problems related to generation of the entire image
occur. Specifically, when the entire image is generated
from the output of the image sensor (CCD or the like) of
the imaging apparatus that captures the entire image,
requirements of visibility of the list image and accuracy
of detecting observation target range and reading infor-

mation are needed and important. An image with high
visibility and an image on which it is easy to perform im-
age processing have different properties in many cases,
and it may be difficult to satisfy both of them.
[0007] The entire image is used also as a list image as
described above. Moreover, the image apparatus that
captures the entire image has not so high resolution and
the display is further scaled down in some cases. The
visibility of the list image when it is scaled down and dis-
played is important. On the other hand, it is not favorable
to lower the accuracy of the image processing for prior-
itizing the visibility because the observation target range
is identified and information is recognized based on the
results of the image processing performed on the entire
image. In addition, the method of taking the entire image
a plurality of times by an imaging system having a high
magnification is desired to be avoided because an enor-
mous amount of samples needs to be observed by a
microscope and the imaging process is desired to be
performed at higher speed in the field such as patholog-
ical diagnosis.
[0008] In view of the circumstances as described
above, it is an object of the present technology to provide
an image processing apparatus, an image processing
program, and an image processing method that are ca-
pable of achieving visibility of the entire image used for
capturing a microscopic image and accuracy of image
processing at the same time.

Means for solving the Problem

[0009] In order to achieve the above-mentioned object,
the image processing apparatus according to an embod-
iment of the present technology includes an output value
obtaining unit, a first interpolation unit, a second interpo-
lation unit, an image generation unit, and a first edge
detection unit.
[0010] The output value obtaining unit obtains respec-
tive output values of a plurality of light-receiving elements
from an image sensor including the plurality of light-re-
ceiving elements arranged two-dimensionally.
[0011] The first interpolation unit uses a first interpola-
tion algorithm to interpolate a pixel value of a pixel cor-
responding to the respective light-receiving elements
based on the output value.
[0012] The second interpolation unit uses a second in-
terpolation algorithm different from the first interpolation
algorithm to interpolate a pixel value of a pixel corre-
sponding to the respective light-receiving elements
based on the output value.
[0013] The image generation unit generates an image
based on a pixel value of a pixel corresponding to the
respective light-receiving elements, which is interpolated
by the first interpolation unit.
[0014] The first edge detection unit detects an edge
using a first edge detection algorithm based on a pixel
value of a pixel corresponding to the respective light-
receiving elements, which is interpolated by the second
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interpolation unit.
[0015] The output value obtaining unit obtains the out-
put values of the plurality of light-receiving elements of
the image sensor. Here, the output value of each light-
receiving element represents the intensity of light that
has been transmitted through a color filter of each color
(e.g., R, G, and B) provided to each light-receiving ele-
ment. Therefore, in order to generate the output value
(e.g., RGB value) corresponding to each light-receiving
element, there is a need to interpolate (demosaic) a pixel
value corresponding to each light-receiving element
based on the output value of each light-receiving ele-
ment. With the above-mentioned configuration, when a
pixel value is interpolated based on the output value of
each light-receiving element, the first interpolation unit
uses the first interpolation algorithm to interpolate a pixel
value and the second interpolation unit uses the second
interpolation algorithm to interpolate a pixel value. There-
fore, as an interpolation algorithm for generating an im-
age (first interpolation algorithm) and an interpolation al-
gorithm for edge detection (second interpolation algo-
rithm), it is possible to employ an interpolation algorithm
that is suitable for the respective interpolation algorithms.
Therefore, according to the above-mentioned configura-
tion, it is possible to achieve the visibility of an image and
accuracy of edge detection at the same time. It should
be noted that because the edge detected by the edge
detection can be used for detecting the microscopic ob-
servation area or recognizing information displayed on
the sample, the accuracy of these processes can be im-
proved if the accuracy of edge detection is improved.
[0016] The first interpolation algorithm may be an in-
terpolation algorithm that interpolates the pixel value so
that a difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is small,
and the second interpolation algorithm may be an inter-
polation algorithm that interpolates the pixel value so that
a difference between pixel values of pixels corresponding
to adjacent light-receiving elements is larger than the first
interpolation algorithm.
[0017] The first interpolation algorithm for generating
an image is an interpolation algorithm that interpolates a
pixel value so that the difference between pixel values
of pixels corresponding to adjacent light-receiving ele-
ments is small, thereby reducing the pixel value differ-
ence (contrast) between the pixels in the generated im-
age. That is, it is possible to generate an image having
an excellent visibility in which the pixel value changes
smoothly. Moreover, the second interpolation algorithm
for edge detection is an interpolation algorithm that inter-
polates a pixel value so that the difference between pixel
values of pixels corresponding to adjacent light-receiving
elements is large, thereby improving the accuracy of de-
tecting an edge (detected using the pixel value differ-
ence) in the edge detection process.
[0018] The image processing apparatus may further
include an area detection unit that detects an area based
on the detection results obtained from the first edge de-

tection unit.
[0019] As described above, the first edge detection unit
can detect an edge with high accuracy based on the pixel
value interpolated by the second interpolation unit using
the second interpolation algorithm. Therefore, the area
detection unit that uses the detection results obtained
from the first edge detection unit can detect an area with
high accuracy.
[0020] The image processing apparatus may further
include a second edge detection unit that uses a second
edge detection algorithm different from the first edge de-
tection algorithm to detect an edge based on the pixel
value of the pixel corresponding to the respective light-
receiving elements, which is interpolated by the second
interpolation unit, and an information recognition unit that
recognizes information based on the detection result ob-
tained from the second edge detection unit.
[0021] The second edge detection unit can detect an
edge with high accuracy based on the pixel value inter-
polated by the second interpolation unit, similarly to the
first edge detection unit, and the information recognition
unit that uses the second edge detection results can rec-
ognize information with high accuracy. By separately us-
ing the first edge detection algorithm for detecting an
edge used for detecting an area and the second edge
detection algorithm for detecting an edge used for rec-
ognizing information, it is possible to use an edge detec-
tion algorithm suitable for the respective processes.
[0022] The second interpolation unit may perform YUV
conversion as well as the interpolation of the pixel value.
[0023] Because the pixel value interpolated (generat-
ed) by the second interpolation unit is used for edge de-
tection, YUV format is more favorable than RGB format.
Therefore, the second interpolation unit can convert the
pixel value in the RGB format, which is generated by the
interpolation, into the YUV format. Here, the second in-
terpolation unit performs YUV conversion of a pixel value
(for each pixel) as well as the interpolation of a pixel value,
thereby reducing the processing time as compared with
the case where YUV conversion is performed on all the
pixels after the pixel values of all the pixels are interpo-
lated.
[0024] The first interpolation algorithm may be a linear
interpolation method, and the second interpolation algo-
rithm may be a gradient method.
[0025] The linear interpolation method is an interpola-
tion algorithm that interpolates a pixel value so that the
difference between pixel values of pixels corresponding
to adjacent light-receiving elements is small, and is fa-
vorable as the first interpolation algorithm. The gradient
method is an interpolation algorithm that interpolates a
pixel value so that the difference between pixel values
of pixels corresponding to adjacent light-receiving ele-
ments is large, and is favorable as the second interpola-
tion algorithm.
[0026] The area detection unit may detect an area in-
cluding an edge in the detection results obtained from
the first edge detection unit as an observation target area
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in a sample, and the information recognition unit may
recognize a character or code displayed on the sample
based on the detection results obtained from the second
edge detection unit.
[0027] The area of a pixel including the edge detected
by the first edge detection unit can be determined to be
an area in which a specimen (pathological tissue or the
like) exists in the sample. This is because the edge is not
originally detected in an area in which a specimen does
not exist (on a glass slide or the like). The area detection
unit can use the detection results obtained from the first
edge detection unit in which an edge is detected with
high accuracy to detect the observation target area (i.e.,
area in which a specimen exists) with high accuracy.
Moreover, in the case where a character or code (bar-
code or the like) is displayed on a sample, the information
recognition unit can use the detection results obtained
from the second edge detection in which an edge is de-
tected with high accuracy to detect a character or code
with high accuracy and to recognize it as information.
[0028] The image processing apparatus may further
include a third interpolation unit that uses a third interpo-
lation algorithm that is different from the first interpolation
algorithm and the second interpolation algorithm to inter-
polate a pixel value of a pixel corresponding to the re-
spective light-receiving elements based on the output
value, and a second edge detection unit that uses a sec-
ond edge detection algorithm different from the first edge
detection algorithm to detect an edge based on a pixel
value of a pixel of each light-receiving element, which is
interpolated by the third interpolation unit.
[0029] According to this configuration, in addition to
the first interpolation unit and the second interpolation
unit, the third interpolation unit uses the third interpolation
algorithm to interpolate a pixel value. Accordingly, the
second algorithm in which the first edge detection unit
uses the interpolation results (pixel value) and the third
interpolation algorithm in which the second edge detec-
tion unit uses the interpolation results (pixel value) can
be an interpolation algorithm suitable for the respective
edge detection process. The first edge detection unit and
the second edge detection unit perform edge detection.
However, in the case where the edge detection results
are used for difference processes as in the area detection
and information recognition to be described later, differ-
ent edge detection algorithms are suitable for the respec-
tive processes in some cases. In such a case, by using
an interpolation algorithm that is suitable for edge detec-
tion of the respective edge detection algorithm at the
stage of the interpolation of a pixel value, it is possible
to improve the accuracy of edge detection.
[0030] The first interpolation algorithm may be an in-
terpolation algorithm that interpolates the pixel value so
that a difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is small,
the second interpolation algorithm may be an interpola-
tion algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corresponding

to adjacent light-receiving elements is larger than the first
interpolation algorithm, and the third interpolation algo-
rithm may be an interpolation algorithm that interpolates
the pixel value so that a difference between pixel values
of pixels corresponding to adjacent light-receiving ele-
ments is larger than the first interpolation algorithm.
[0031] The first interpolation algorithm for generating
an image is an interpolation algorithm that interpolates a
pixel value so that the difference between pixel values
of pixels corresponding to adjacent light-receiving ele-
ments is small, thereby reducing the pixel value differ-
ence between pixels in the generated image. That is, it
is possible to generate an image having an excellent vis-
ibility in which the pixel value changes smoothly. More-
over, the second interpolation algorithm and the third in-
terpolation algorithm for detecting an edge are each an
interpolation algorithm that interpolates a pixel value so
that the difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is large,
thereby improving the accuracy of detecting an edge in
the edge detection process.
[0032] The image processing apparatus may further
include an area detection unit that detects an area based
on the detection results obtained from the first edge de-
tection unit, and an information recognition unit that rec-
ognizes information based on the detection results ob-
tained from the second edge detection unit.
[0033] As described above, the first edge detection unit
can detect an edge with high accuracy based on a pixel
value interpolates by the second interpolation unit using
the second interpolation algorithm. Therefore, the area
detection unit that uses the detection results obtained
from the first edge detection unit can detect an area with
high accuracy. Moreover, the second edge detection unit
can detect an edge with high accuracy based on the pixel
value interpolated by the third interpolation unit, and the
information recognition unit that uses the second edge
detection results can recognize information with high ac-
curacy.
[0034] The second interpolation unit may perform YUV
conversion as well as the interpolation of the pixel value,
and the third interpolation unit may perform YUV conver-
sion as well as the interpolation of the pixel value.
[0035] The second interpolation unit and the third in-
terpolation unit perform YUV conversion of a pixel value
(for each pixel) as well as the interpolation of a pixel value,
thereby reducing the processing time as compared with
the case where YUV conversion is performed on all the
pixels after the pixel values of all the pixels are interpo-
lated.
[0036] In the image processing apparatus, the first in-
terpolation algorithm is a linear interpolation method, the
second interpolation algorithm is a gradient method, and
the third interpolation algorithm is an advanced color
plane interpolation method.
[0037] The linear interpolation method is an interpola-
tion algorithm that interpolates a pixel value so that the
difference between pixel values of pixels corresponding
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to adjacent light-receiving elements is small, and is fa-
vorable as the first interpolation algorithm. The gradient
method is an interpolation algorithm that interpolates a
pixel value so that the difference between pixel values
of pixels corresponding to adjacent light-receiving ele-
ments is large, and is favorable as the second interpola-
tion algorithm. The advanced color plane interpolation
method (ACPI method) is an interpolation algorithm that
interpolates a pixel value so that the difference between
pixel values of pixels corresponding to adjacent light-re-
ceiving elements is large, and is favorable as the third
interpolation algorithm.
[0038] In the image processing apparatus, the area de-
tection unit detects the area including an edge in the de-
tection results obtained from the first edge detection unit
as an observation target area in a sample, and the infor-
mation recognition unit recognizes the character or code
displayed on the sample based on the detection results
obtained from the second edge detection unit.
[0039] The area detection unit can use the detection
results obtained from the first edge detection unit in which
an edge is detected with high accuracy to detect the ob-
servation target area (i.e., area in which a specimen ex-
ists) with high accuracy. Moreover, the information rec-
ognition unit uses the detection results obtained from the
second edge detection unit in which an edge is detected
with high accuracy to detect a character or code with high
accuracy and to recognize it as information.
[0040] In order to achieve the above-mentioned object,
an image processing program according to an embodi-
ment of the present technology causes an information
processing apparatus to function as an output value ob-
taining unit, a first interpolation unit, a second interpola-
tion unit, an image generation unit, and a first edge de-
tection unit.
[0041] The output value obtaining unit obtains respec-
tive output values of a plurality of light-receiving elements
from an image sensor including the plurality of light-re-
ceiving elements arranged two-dimensionally.
[0042] The first interpolation unit uses a first interpola-
tion algorithm to interpolate a pixel value of a pixel cor-
responding to the respective light-receiving elements
based on the output value.
[0043] The second interpolation unit uses a second in-
terpolation algorithm different from the first interpolation
algorithm to interpolate a pixel value of a pixel corre-
sponding to the respective light-receiving elements
based on the output value.
[0044] The image generation unit generates an image
based on a pixel value of a pixel corresponding to the
respective light-receiving elements, which is interpolated
by the first interpolation unit.
[0045] The first edge detection unit detects an edge
using a first edge detection algorithm based on a pixel
value of a pixel corresponding to the respective light-
receiving elements, which is interpolated by the second
interpolation unit.
[0046] In order to achieve the above-mentioned object,

an image processing method according to an embodi-
ment of the present technology includes obtaining, by an
output value obtaining unit, respective output values of
a plurality of light-receiving elements from an image sen-
sor including the plurality of light-receiving elements ar-
ranged two-dimensionally.
[0047] A first interpolation unit uses a first interpolation
algorithm to interpolate a pixel value of a pixel corre-
sponding to the respective light-receiving elements
based on the output value.
[0048] A second interpolation unit uses a second in-
terpolation algorithm different from the first interpolation
algorithm to interpolate a pixel value of a pixel corre-
sponding to the respective light-receiving elements
based on the output value.
[0049] An image generation unit generates an image
based on a pixel value of a pixel corresponding to the
respective light-receiving elements, which is interpolated
by the first interpolation unit.
[0050] A first edge detection unit detects an edge using
a first edge detection algorithm based on a pixel value
of a pixel corresponding to the respective light-receiving
elements, which is interpolated by the second interpola-
tion unit.

Effect of the Invention

[0051] As described above, according to the present
technology, it is possible to provide an image processing
apparatus, an image processing program, and an image
processing method that are capable of achieving visibility
of the entire image used for capturing a microscopic im-
age and accuracy of image processing at the same time.

Brief Description of Drawings

[0052]

[Fig. 1] A schematic diagram showing a schematic
configuration of a microscopic imaging apparatus
according to a first embodiment of the present tech-
nology.
[Fig. 2] A schematic diagram showing a configuration
of an image sensor for the entire image of the micro-
scopic imaging apparatus.
[Fig. 3] A block showing a functional configuration of
the image processing apparatus of the microscopic
apparatus.
[Fig. 4] A schematic showing interpolation of pixel
values performed by the image processing appara-
tus of the microscopic apparatus.
[Fig. 5] A schematic showing an operation of the im-
age processing apparatus of the microscopic appa-
ratus.
[Fig. 6] A schematic diagram showing an operation
of an image processing apparatus of a microscopic
apparatus according to a comparative example.
[Fig. 7] A block showing a functional configuration of
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an image processing apparatus of a microscopic im-
aging apparatus according to a second embodiment
of the present technology.
[Fig. 8] A schematic diagram showing an operation
of the image processing apparatus of the microscop-
ic apparatus.

Mode(s) for Carrying Out the Invention

(First embodiment)

[0053] A microscopic imaging apparatus according to
a first embodiment of the present technology will be de-
scribed.

[Schematic configuration of microscopic imaging appa-
ratus]

[0054] The microscopic imaging apparatus according
to this embodiment will be described. Fig. 1 is a schematic
diagram showing a schematic configuration of a micro-
scopic imaging apparatus 1. As shown in the figure, the
microscopic imaging apparatus 1 includes a stage 11, a
microscopic optical system 12, a microscopic image sen-
sor 13, an optical system for the entire image 14, an im-
age sensor for the entire image 15, a control apparatus
16, an image processing apparatus 17, and a display 18.
The microscopic image sensor 13, the image sensor for
the entire image 15, and the stage 11 are connected to
the control apparatus 16, and the control apparatus 16
is connected to the image processing apparatus 17. The
display 18 is connected to the image processing appa-
ratus 17, and a sample S is placed on the stage 11. The
sample S is, for example, a prepared slide on which a
specimen to be observed (e.g., pathological tissue) is
fixed.
[0055] The stage 11 supports the sample S, and moves
the sample S toward the microscopic optical system 12
or the image sensor for the entire image 15 under control
by the control apparatus 16. It should be noted that in-
stead of the movement of the stage 11, the microscopic
optical system 12 or the optical system for the entire im-
age 14 may be moved with respect to the stage 11.
[0056] The microscopic optical system 12 magnifies
the image of the sample S, and introduces it into the
microscopic image sensor 13. The configuration of the
microscopic optical system 12 is not particularly limited.
Moreover, the microscopic optical system 12 may be sub-
jected to the control of magnification or the like by the
control apparatus 16.
[0057] The microscopic image sensor 13 captures a
microscopic image of a part of the sample S magnified
by the microscopic optical system 12 (hereinafter, micro-
scopic image). The microscopic image sensor 13 trans-
mits the microscopic image to the image processing ap-
paratus 17 via the control apparatus 16. Moreover, the
microscopic image sensor 13 is subjected to control of
an imaging timing or the like by the control apparatus 16.

Although the configuration of the microscopic image sen-
sor 13 is not particularly limited, one having a high res-
olution is favorable.
[0058] The optical system for the entire image 14 in-
troduces the image of the sample S into the image sensor
for the entire image 15. The configuration of the optical
system for the entire image 14 is not particularly limited.
[0059] The image sensor for the entire image 15 cap-
tures the entire image of the sample S (hereinafter, entire
image) via the optical system for the entire image 14.
The image sensor for the entire image 15 is an image
sensor including a plurality of light-receiving elements
(photoelectric conversion elements) such as a CCD
(Charge Coupled Device) image sensor and a CMOS
(Complementary Metal Oxide Semiconductor) image
sensor.
[0060] Fig. 2 is a schematic diagram showing the im-
age sensor for the entire image 15. As shown in the figure,
the image sensor for the entire image 15 includes a plu-
rality of light-receiving elements 151 arranged two-di-
mensionally. It should be noted that the number of light-
receiving elements 151 (number of pixels) is actually
about several hundred thousands to several millions. The
image sensor for the entire image 15 does not need to
have a resolution as high as that of the microscopic image
sensor 13.
[0061] On each light-receiving element 151, a color fil-
ter is provided in front of the light-receiving surface. The
color filter is a filter that causes light in a specific wave-
length to transmit therethrough, and three colors of red
(R), blue (B), and green (G) are used generally. As shown
in Fig. 2, a color filter of any one of the red (R), blue (B),
and green (G) colors is provided to each light-receiving
element 151. Specifically, the image sensor for the entire
image 15 is a single plate image sensor. The arrange-
ment of the color filters shown in Fig. 2 is arrangement
called Bayer arrangement, and a lot of color filters of
green (G) are arranged to conform to the light-receiving
sensitivity of a human being. It should be noted that the
image sensor for the entire image 15 according to this
embodiment is not limited to the one having the Bayer
arrangement, and may have other arrangement of color
filters. The color of the color filters is not limited to the
above-mentioned three colors.
[0062] In such a structure of the image sensor for the
entire image 15, the output value of each light-receiving
element 151 is an intensity (shading) of light that has
been transmitted through the color filter provided to the
light-receiving element 151. For example, the output val-
ue of the light-receiving element 151 to which the color
filter of red (R) is provided includes no information of blue
(B) and green (G). In this case, in the case where an
image is generated based on the output value of each
light-receiving element 151, the number of pixels is small-
er than the number of light-receiving elements 151 (1/2
or 1/4). Therefore, for each light-receiving element 151,
interpolation of pixel values (RGB values) is performed
using the output values of the light-receiving elements
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151 in the vicinity thereof. The interpolation will be de-
scribed later.
[0063] The control apparatus 16 obtains the output of
the microscopic image sensor 13 and the image sensor
for the entire image 15, and transmits it to the image
processing apparatus 17. Moreover, the control appara-
tus 16 controls the stage 11 and the microscopic image
sensor 13 based on information supplied from the image
processing apparatus 17 (area detection results, which
will be described later).
[0064] The image processing apparatus 17 obtains the
output of the microscopic image sensor 13 and the image
sensor for the entire image 15, and performs generation
of an image or image processing. Moreover, the image
processing apparatus 17 causes the display 18 to display
a microscopic image or the entire image. The detailed
configuration of the image processing apparatus 17 will
be described later. However, the image processing ap-
paratus 17 may be an information processing apparatus
such as a personal computer.
[0065] The display 18 displays a microscopic image or
the entire image supplied from the image processing ap-
paratus 17. The configuration of the display 18 is not
particularly limited.
[0066] The microscopic imaging apparatus 1 has the
configuration described above. It should be noted that
the above-mentioned configuration is only an example,
and the microscopic imaging apparatus 1 may have a
configuration different from those described here.

[Operation of microscopic imaging apparatus]

[0067] The microscopic imaging apparatus 1 operates
as follows. First, the image sensor for the entire image
15 captures the entire image of the sample S, and entire
image data is generated. The entire image data is trans-
mitted from the image sensor for the entire image 15 to
the image processing apparatus 17 via the control appa-
ratus 16.
[0068] The image processing apparatus 17 generates
the entire image from the entire image data. Moreover,
the image processing apparatus 17 performs image
processing, which will be described later, on the entire
image data, and detects the area in which a specimen
to be observed exists in the sample S (hereinafter, spec-
imen existing area). This is because, for example, in the
case where the sample S is a specimen fixed on a glass
slide, it does not need to observe areas on the glass slide
in which the specimen does not exist. Specifically, the
specimen existing area is an observation target area in
the sample S, which needs to be imaged in a microscope.
[0069] Moreover, in the case where information such
as a character and a code (barcode or the like) (herein-
after, display information) is displayed on the sample S,
the image processing apparatus 17 recognizes the infor-
mation from the entire image data. It should be noted that
the character or the code is a specimen number, which
is described in or attached to the sample S by a user

(observer, specimen collector, etc.), for example. The
image processing apparatus 17 supplies the detected
specimen existing area to the control apparatus 16.
[0070] The control apparatus 16 controls the stage 11,
the microscopic optical system 12, and the microscopic
image sensor 13 based on the specimen existing area
supplied from the image processing apparatus 17, and
causes the microscopic image sensor 13 to image the
specimen existing area at a predetermined magnifica-
tion. Because the visual field range is fine because of the
microscopic optical system 12, the microscopic image
sensor 13 divides the specimen existing area into a plu-
rality of areas and captures an image of each area. The
microscopic image sensor 13 transmits a plurality of piec-
es of microscopic image data generated by the imaging
to the image processing apparatus 17 via the control ap-
paratus 16.
[0071] The image processing apparatus 17 bonds the
plurality of pieces of microscopic image data together
(stitching). Accordingly, a microscopic image of the spec-
imen existing area is generated. The image processing
apparatus 17 associates the entire image with the micro-
scopic image. Moreover, if there is the display information
read from the entire image, the image processing appa-
ratus 17 associates the information with the images and
store them.
[0072] When a user views the image of the sample,
the image processing apparatus 17 can cause the display
18 to display the entire image as a list image (thumbnail
image), and can cause each entire image to additionally
display the display information. When the user refers to
the list image or display information to select a desired
sample, the image processing apparatus 17 can cause
the display 18 to display the microscopic image associ-
ated with the selected sample.
[0073] As described above, in the microscopic imaging
apparatus 1, the entire image data of the sample S im-
aged by the image sensor for the entire image 15 is used
to detect the imaging area of the microscopic image sen-
sor 13 (i.e., specimen existing area) or to recognize the
display information. Moreover, the entire image generat-
ed from the entire image data is used also as a list image
for a user to search for a desired microscopic image.
[0074] Here, the resolution of the image sensor for the
entire image 15 is generally low, and problems of accu-
racy of extracting the specimen existing area or recog-
nizing the display information occur. If the resolution of
the image sensor for the entire image 15 is improved,
these processes take a time, which is not favorable. In
particular, in the field of pathological diagnosis, for ex-
ample, an enormous amount of samples S needs to be
observed by a microscope in many cases and the imag-
ing process is desired to be performed at higher speed.
In the microscopic imaging apparatus 1 according to this
embodiment, accuracy of detecting the specimen exist-
ing area and of recognizing the display information is
improved and it is possible to reduce the time that is need-
ed to perform these processes, with the configuration of
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the image processing apparatus 17, which will be de-
scribed next.

[Functional configuration of image processing apparatus]

[0075] The functional configuration of the image
processing apparatus 17 will be described. Fig. 3 is a
block diagram showing the functional configuration of the
image processing apparatus 17. As shown in the figure,
the image processing apparatus 17 includes an output
value obtaining unit 171, a first interpolation unit 172, a
second interpolation unit 173, an image generation unit
174, a first edge detection unit 175, a second edge de-
tection unit 176, an area detection unit 177, an informa-
tion recognition unit 178, a storage unit 179, and an image
display unit 180.
[0076] Such a functional configuration of the image
processing apparatus 17 is achieved by the cooperation
between hardware such as CPU (Central Processing
Unit) and memory and software. Moreover, these con-
figurations do not necessarily need to be achieved by
one device, may be achieved by a plurality of devices,
and may be achieved via a computer network or on a
computer network.
[0077] The output value obtaining unit 171 obtains the
output value of each light-receiving element 151 from the
image sensor for the entire image 15 via the control ap-
paratus 16 (an illustration omitted). As described above,
the color filter of each color (R, G, or B) is provided to
each light-receiving element 151, and the output value
of each light-receiving element 151 is an intensity (shad-
ing) of light of a specific color, which has been transmitted
through the color filter. Hereinafter, the output value of
each color obtained by the output value obtaining unit
171 from each light-receiving element 151 is represented
by a sign (R11 or the like) in Fig. 2. The output value
obtaining unit 171 supplies the obtained output value of
each light-receiving element 151 to the first interpolation
unit 172 and the second interpolation unit 173.
[0078] The first interpolation unit 172 and the second
interpolation unit 172 generate (interpolate) a pixel value
of the pixel corresponding to the respective light-receiv-
ing elements 151 based on the output value of each light-
receiving elements 151 supplied from the output value
obtaining unit 171.
[0079] Fig. 4 is a schematic diagram showing interpo-
lation of the pixel value. Fig. 4(a) shows the output value
(G32 or the like) output from each light-receiving element
151. As shown in the figure, the output value of the central
pixel is a value of a green color (output value of the light-
receiving element 151 to which the color filter of a green
color is provided), and the output values of the surround-
ing (top, bottom, right, and left) light-receiving elements
151 are values of red (R) or blue (B).
[0080] Therefore, as shown in Fig. 4(b), the central pix-
el can give the output value of green component (G), and
can interpolate a red component (R’) and a blue compo-
nent (B’) using the output value of the surrounding pixel.

Such interpolation of the pixel value is referred to as
"demosaic." Hereinafter, regarding each light-receiving
element 151, the component of each color (RGB value)
interpolated using the output value thereof and the output
values of the surrounding light-receiving elements is as-
sumed to be the output value of the pixel corresponding
to the light-receiving element 151. It should be noted that
the method of generating a pixel value shown here does
not represent a specific interpolation algorithm.
[0081] The first interpolation unit 172 uses a first inter-
polation algorithm to generate the pixel value of the pixel
corresponding to the respective light-receiving elements
151 from the output value of each light-receiving element
151. Here, the first interpolation algorithm may be an in-
terpolation algorithm that interpolates a pixel value so
that the difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements 151 is
small. Examples of such an interpolation algorithm in-
clude "linear interpolation method," specifically.
[0082] The linear interpolation method is an interpola-
tion algorithm that interpolates a pixel value of a pixel to
be interpolated with the average value of output values
of surrounding pixels. In the linear interpolation method,
the output value of each pixel is smoothed, and the dif-
ference between pixel values is small as compared with
a second interpolation algorithm to be described later. In
the case of an algorithm in which the difference between
the output value of the pixel and the output values of
adjacent pixels is small, the image does not extremely
change as compared with the original image even if the
pixel is thinned out or averaged when the image is scaled
down and displayed, for example.
[0083] It should be noted that the first interpolation al-
gorithm is not limited to the linear interpolation method
and may be another interpolation algorithm in which the
difference between pixel values is small as compared
with the second interpolation algorithm to be described
later. Moreover, the first interpolation algorithm may be
a "curved surface fitting method" in which the deviation
of a color caused by interpolation of a pixel value called
a false color can be suppressed, for example. The first
interpolation unit 172 supplies the interpolated pixel value
of the pixel corresponding to the respective light-receiv-
ing elements 151 to the image generation unit 174.
[0084] The second interpolation unit 173 uses the sec-
ond interpolation algorithm to generate a pixel value of
the pixel corresponding to the respective light-receiving
elements 151 from the output value of each light-receiv-
ing element 151. Here, the second interpolation algorithm
is an interpolation algorithm different from the first inter-
polation algorithm. In particular, the second interpolation
algorithm is favorably an interpolation algorithm that in-
terpolates a pixel value so that the difference between
pixel values of the pixels corresponding to adjacent light-
receiving elements 151 is large as compared with the
first interpolation algorithm. Examples of such an inter-
polation algorithm include a "gradient method," specifi-
cally.
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[0085] The gradient method is an interpolation algo-
rithm in which the green component of each pixel is ob-
tained along the direction having the strong continuity,
and after that, the component of another color is com-
pared with the obtained green component. In the gradient
method, the difference between pixel values is large as
compared with the linear interpolation method (the first
interpolation algorithm) in which the component of each
color is simply averaged.
[0086] It should be noted that the second interpolation
algorithm is not limited to the gradient method, and may
be another interpolation algorithm in which the difference
between the pixel values is large as compared with the
first interpolation algorithm. For example, an advanced
color plane interpolation method (ACPI method) to be
described in a second embodiment may be used as the
second interpolation algorithm. The second interpolation
unit 173 supplies the interpolated pixel value of the pixel
corresponding to the respective light-receiving elements
151 to the first edge detection unit 175 and the second
edge detection unit 176.
[0087] Moreover, the second interpolation unit 173 can
perform YUV conversion of a pixel value as well as in-
terpolation of a pixel value using the second interpolation
algorithm. As will be described later, the pixel value gen-
erated by the second interpolation unit 173 is not used
for generating an image, and is used for edge detection.
Therefore, the pixel value is favorably not in the RGB
format but in the YUV (Y=brightness, U=difference be-
tween brightness and blue component, and V=difference
between brightness and red component) format.
[0088] Here, performing YUV conversion "as well as"
interpolation of a pixel value represents that generation
of a pixel value and the YUV conversion are performed
in parallel so that after a pixel value (RGB value) of a
pixel corresponding to one light-receiving element 151
is generated, the YUV conversion is performed on the
pixel value and a pixel value of the pixel corresponding
to the next light-receiving element 151. The second in-
terpolation unit 173 performs the interpolation of a pixel
value and the YUV conversion as described above,
thereby reducing the processing time as compared with
the case where after pixel values of all of the light-receiv-
ing elements 151 are generated, the YUV conversion is
performed on each pixel value.
[0089] The image generation unit 174 generates an
image (entire image) based on the pixel value of the pixel
corresponding to the light-receiving element 151, which
is generated by the first interpolation unit 172. As de-
scribed above, the first interpolation unit 172 uses the
first interpolation algorithm that interpolates a pixel value
so that the difference between pixel values of pixels cor-
responding to adjacent to the light-receiving elements
151 is small. Therefore, the generated image is an image
having an excellent visibility in which the pixel value
changes smoothly. As described above, the image sen-
sor for the entire image 15 often has a low resolution. In
this case, the visibility of an image is important particu-

larly. The image generation unit 174 stores the generated
entire image in the storage unit 179.
[0090] The first edge detection unit 175 detects an
edge based on the pixel value of the pixel corresponding
to the respective light-receiving elements, which is gen-
erated by the second interpolation unit 173. The edge is
a boundary in which the difference between pixel values
of adjacent pixels or pixels in a certain range. The first
edge detection unit 175 can detect the edge using a first
edge detection algorithm. The first edge detection algo-
rithm is not particularly limited, and is favorably an edge
detection algorithm that causes the area detection unit
177 to be described later to detect an area easily.
[0091] Here, the second interpolation unit 173 uses the
second interpolation algorithm that interpolates a pixel
value so that the difference between pixel values of the
pixels corresponding to the adjacent light-receiving ele-
ments 151 is large. Because the edge can be easily de-
tected if the difference between pixel values is large, the
first edge detection unit 175 can detect the edge with
high detection accuracy. The first edge detection unit 175
supplies the edge detection results to the area detection
unit 177.
[0092] The second edge detection unit 176 detects an
edge based on the pixel value of the pixel corresponding
to the respective light-receiving elements 151, which is
generated by the second interpolation unit 173. The sec-
ond edge detection unit 176 can use a second edge de-
tection algorithm, which is different from the above-men-
tioned first edge detection algorithm, to detect the edge.
The second edge detection algorithm is not particularly
limited, and is favorably a detection algorithm that causes
the information recognition unit 178 to be described later
to recognize information easily.
[0093] Here, the second interpolation unit 173 uses the
second interpolation algorithm that interpolates a pixel
value so that the difference between pixel values of the
pixels corresponding to the adjacent light-receiving ele-
ments 151 is large. The second edge detection unit 176
can detect the edge with high detection accuracy. The
second edge detection unit 176 supplies the edge detec-
tion results to the information recognition unit 178.
[0094] The area detection unit 177 detects an area
based on the edge detection results obtained from the
first edge detection unit 175. The area detection is
processing of detecting an area in which a specimen be-
ing an observation target exists in the above-mentioned
sample S (specimen existing area). The area detection
unit 177 can regard the area in which the edge detected
in the first edge detection unit 175 exists as the specimen
existing area. Because areas in which no specimen ex-
ists generally include no edge (e.g., glass slide) in the
sample S, it is possible to determine the presence/ab-
sence of the specimen with the presence/absence of the
edge.
[0095] Here, because the first edge detection unit 175
detects the edge with high accuracy based on the pixel
value generated by using the second interpolation algo-
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rithm as described above, the area detection using the
edge also can be performed with high accuracy by the
area detection unit 177. The area detection unit 177 sup-
plies the detected specimen existing area to the control
apparatus 16.
[0096] The information recognition unit 178 recognizes
information based on the edge detection results obtained
from the second edge detection unit 176. In the informa-
tion recognition, the display information displayed in the
sample S such as a character and a code (barcode or
the like) is detected and recognized as information. The
information recognition unit 178 can perform processing
such as outline extraction from the edge detected in the
second edge detection unit 176, and recognize it as in-
formation.
[0097] Here, because the second edge detection unit
176 detects the edge with high accuracy based on the
pixel value generated by using the second interpolation
algorithm as described above, the information recogni-
tion using the edge also can be performed with high ac-
curacy by the information recognition unit 178. The infor-
mation recognition unit 178 supplies the information rec-
ognition results to the storage unit 179, and causes the
storage unit 179 to associates the results with the entire
image and to store them.
[0098] The storage unit 179 stores the entire image
supplied from the image generation unit 174, the infor-
mation supplied from the information recognition unit
178, the microscopic image captured by the microscopic
image sensor 13, and the like, as described above.
[0099] The image display unit 180 causes the display
18 to display an image. The image display unit 180 can
cause the display 18 to display the above-mentioned en-
tire image, the microscopic image, the information asso-
ciated with them, or the like by an arbitrary interface.

[Operation of image processing apparatus]

[0100] The operation of the image processing appara-
tus 17 having the configuration described above will be
described. Fig. 5 is an image processing flow showing
the operation of the image processing apparatus 17.
[0101] First, the output value obtaining unit 171 obtains
the output value of each light-receiving element 151
(St101). The output value obtaining unit 171 may perform
noise removal on the obtained output value (St102). The
noise removal is processing for removing physical noise
or electrical noise of the output value, and can be per-
formed using various well-known techniques. The output
value obtaining unit 171 supplies the output value of each
light-receiving element 151 to the first interpolation unit
172 and the second interpolation unit 173.
[0102] The first interpolation unit 172 uses the supplied
output value of each light-receiving element 151 to inter-
polate a pixel value with the first interpolation algorithm
(linear interpolation method or the like) as described
above (St103).
[0103] Next, the image generation unit 174 performs

an correction process on the pixel values interpolated by
the first interpolation unit 172 (St104). The correction
process includes various correction processes such as
calibration with sRGB (international standard of color
space by IEC (International Electrotechnical Commis-
sion)), white balance adjustment, and gamma correction.
As the correction process, an appropriate process only
needs to be performed as necessary.
[0104] Next, the image generation unit 174 performs
trimming on the image on which the above-mentioned
correction process is performed (St105). In the trimming,
areas in the visual field range of the image sensor for the
entire image 15 other than the sample S are removed.
The trimming can be performed by using a pixel value
range (color range) or the like.
[0105] Next, the image generation unit 174 generates
an image (entire image) based on the pixel value on
which the correction process or the trimming is performed
(St106). Because the pixel value is interpolated using the
first interpolation algorithm that is suitable for generating
an image by the first interpolation unit 172 as described
above (St103), the entire image generated by the image
generation unit 174 has an excellent visibility.
[0106] The second interpolation unit 173 uses the sup-
plied output value of each light-receiving element 151 to
interpolate a pixel value with the second interpolation al-
gorithm (gradient method or the like) as described above
(St107). Moreover, the second interpolation unit 173 can
perform the YUV conversion of the pixel value as well as
the interpolation of the pixel value.
[0107] Next, the second interpolation unit 173 per-
forms the correction process on the pixel value of each
light-receiving element 151 (St108). The correction proc-
ess includes various correction processes such as gam-
ma correction. As the correction process, an appropriate
process only needs to be performed as necessary.
[0108] Next, the first edge detection unit 175 uses the
first edge detection algorithm to perform edge detection
on the pixel on which the above-mentioned correction
process is performed (St109).
[0109] Next, the area detection unit 177 performs an
area detection process on the edge detection results ob-
tained from the first edge detection unit 175, and detects
the specimen existing area (St110). Because the pixel
value is interpolated using the second interpolation algo-
rithm suitable for the edge detection by the second inter-
polation unit 173 as described above (St207), the area
detection unit 177 can detect an area with high accuracy.
[0110] The second edge detection unit 176 uses the
second edge detection algorithm to perform the edge de-
tection on the pixel on which the above-mentioned cor-
rection process is performed (St111).
[0111] Next, the information recognition unit 178 per-
forms a character detection process on the edge detec-
tion results obtained from the second edge detection unit
176, and detects a character (St112). The information
recognition unit 178 recognizes the detected character
(St113), and obtains character information. Moreover,
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the information recognition unit 178 performs a code de-
tection process on the edge detection results obtained
from the second edge detection unit 176, and detects a
code (st114). The information recognition unit 178 rec-
ognizes the detected code (St115), and obtains code in-
formation.
[0112] Because the pixel value is interpolated using
the second interpolation algorithm suitable for the edge
detection by the second interpolation unit 173 as de-
scribed above (St107), the information recognition unit
178 can recognize the character information and code
information with high accuracy.
[0113] As described above, in the image processing
apparatus 17 according to this embodiment, the first in-
terpolation unit 172 uses the first interpolation algorithm
suitable for generating an image to interpolate a pixel
value, and the second interpolation unit 173 uses the
second interpolation algorithm suitable for the edge de-
tection to interpolate a pixel value. Therefore, the image
generation unit 174 can generate the entire image having
a high visibility, and the area detection unit 177 and the
information recognition unit 178 can detect an area and
recognize information with high accuracy.

[Comparison with comparative example]

[0114] The image processing flow performed in a gen-
eral microscopic imaging apparatus is shown in Fig. 6 as
a comparative example.
[0115] As shown in the figure, in a general microscopic
imaging apparatus, when the output value of the image
sensor for the entire image is obtained (St501), noise
removal (St502), pixel value interpolation (St503), and a
correction process (St504) are performed on the output
value.
[0116] On the pixel after the correction process, trim-
ming (St505) and generation of the entire image (St506)
are performed. Moreover, on the pixel after the above-
mentioned correction process, the YUV conversion of a
pixel value (RGB value) (St507) is performed, and edge
detection for detecting an area (St508) and edge detec-
tion for recognizing information (St509) are performed.
Area detection of the specimen existing area (St510) is
performed on the edge detection results for detecting an
area, and character detection (St511), character recog-
nition (St512), code detection (St513), and code recog-
nition (St514) are performed on the edge detection re-
sults for recognizing information.
[0117] As described above, in a general microscopic
imaging apparatus, the interpolation results of one pixel
value interpolation process (St503) are used for gener-
ation of the entire image (St506), the area detection
(St510), and the information recognition (St511 to St514).
Therefore, in the pixel value interpolation process, if an
interpolation algorithm suitable for generating an image
having a high visibility is used, an edge is hard to detect,
and accuracy of area detection and information recogni-
tion is lowered. On the other hand, if an interpolation al-

gorithm suitable for edge detection is used, the entire
image having a strong edge and a low visibility is gener-
ated. Specifically, in the comparative example, the visi-
bility of the entire image is in a relationship of trade-off
with the accuracy of edge detection, and it has been dif-
ficult to improve them at the same time.
[0118] On the other hand, in the image processing ap-
paratus 17 according to this embodiment, an interpola-
tion algorithm for generating the entire image (first inter-
polation algorithm) and an interpolation algorithm for
edge detection (second interpolation algorithm) are
used. Therefore, by using the optimal interpolation algo-
rithm, the visibility of the entire image and the accuracy
of the edge detection can be improved at the same time.

(Second embodiment)

[0119] The microscopic imaging apparatus according
to the second embodiment of the present technology will
be described. It should be noted that in the microscopic
imaging apparatus according to this embodiment, be-
cause the configuration other than the image processing
apparatus is the same as that in the first embodiment, it
will be denoted by the same reference symbols and a
description thereof will be omitted.

[Functional configuration of image processing apparatus]

[0120] The functional configuration of an image
processing apparatus 27 will be described. Fig. 7 is a
block diagram showing the functional configuration of the
image processing apparatus 27. As shown in the figure,
the image processing apparatus 27 includes an output
value obtaining unit 271, a first interpolation unit 272, a
second interpolation unit 273, a third interpolation unit
274, an image generation unit 275, a first edge detection
unit 276, a second edge detection unit 277, an area de-
tection unit 278, an information recognition unit 279, a
storage unit 280, and an image display unit 281.
[0121] Such a functional configuration of the image
processing apparatus 27 can be achieved by the coop-
eration between hardware such as a CPU and memory
and software. Moreover, these configurations do not nec-
essarily need to be achieved by one device, may be
achieved by a plurality of devices, and may be achieved
via a computer network or on a computer network.
[0122] The output value obtaining unit 271 obtains the
output value of each light-receiving element 151 from the
image sensor for the entire image 15. As described
above, the color filter of each color (R, G, or B) is provided
to each light-receiving element 151, and the output value
of each light-receiving element 151 is an intensity (shad-
ing) of light of the specific color, which has been trans-
mitted through the color filter.
[0123] The first interpolation unit 272 uses the first in-
terpolation algorithm to generate a pixel value of the pixel
corresponding to the respective light-receiving elements
151 from the output value of each light-receiving element
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151. Here, the first interpolation algorithm may be an in-
terpolation algorithm that interpolates a pixel value so
that the difference between pixel values of the pixels cor-
responding to the adjacent light-receiving elements 151
is small. Examples of such an interpolation algorithm in-
clude the linear interpolation method described in the first
embodiment, specifically.
[0124] It should be noted that the first interpolation al-
gorithm is not limited to the linear interpolation method,
and may be another interpolation algorithm in which the
difference between pixel values is small as compared
with a second interpolation algorithm and a third interpo-
lation algorithm to be described later. Moreover, the first
interpolation algorithm may be the curved surface fitting
method, for example. The first interpolation unit 272 sup-
plies the interpolated pixel value of the pixel correspond-
ing to the respective light-receiving elements 151 to the
image generation unit 275.
[0125] The second interpolation unit 273 uses the sec-
ond interpolation algorithm to generate a pixel value of
the pixel corresponding to the respective light-receiving
elements 151 from the output value of each light-receiv-
ing element 151. Here, the second interpolation algorithm
is an interpolation algorithm different from the first inter-
polation algorithm. In particular, an interpolation algo-
rithm that interpolates a pixel value so that the difference
between pixel values of the pixels corresponding to the
adjacent light-receiving elements 151 is large as com-
pared with the first interpolation algorithm is favorable.
Examples of such an interpolation algorithm include the
gradient method described in the first embodiment, spe-
cifically.
[0126] It should be noted that the second interpolation
algorithm is not limited to the gradient method, and may
be another interpolation algorithm in which the difference
between pixel values is large as compared with the first
interpolation algorithm. The second interpolation unit 273
supplies the interpolated pixel value of the pixel corre-
sponding to the respective light-receiving elements 151
to the first edge detection unit 276. Moreover, the second
interpolation unit 273 can use the second interpolation
algorithm to interpolate a pixel value and to perform the
YUV conversion of a pixel value similarly to the

first embodiment.

[0127] The third interpolation unit 274 uses the third
interpolation algorithm to generate the pixel value of the
pixel corresponding to the respective light-receiving ele-
ments 151 from the output value of each light-receiving
element 151. Here, the third interpolation algorithm is an
interpolation algorithm different from the first interpola-
tion algorithm and the second interpolation algorithm. In
particular, an interpolation algorithm that interpolates a
pixel value so that the difference between the pixel values
of the pixels corresponding to the adjacent light-receiving
elements 151 is large as compared with the first interpo-
lation algorithm is favorable. Examples of such an inter-

polation algorithm include the "advanced color plane in-
terpolation method (ACPI method)", specifically.
[0128] The ACPI method is an interpolation algorithm
that can obtain a sharp image by adding a high frequency
component to the linear interpolation values of the sur-
rounding pixels of the pixel to be interpolated as com-
pared with the existing method. Because the linear inter-
polation has effects of smoothing, the high frequency
component cannot be restored. In view of the above, the
image is made sharp by using the output values of the
surrounding pixels of the pixel to be interpolated to esti-
mate the high frequency component, and adding it to the
linear interpolation. In the ACPI method, the difference
between pixel values is large as compared with the linear
interpolation method (the first interpolation algorithm) in
which each color component is averaged simply.
[0129] It should be noted that the third interpolation
algorithm is not limited to the ACPI method, and may be
another interpolation algorithm in which the difference
between pixel values is large as compared with the first
interpolation algorithm. The third interpolation unit 274
supplies the interpolated pixel value of the pixel corre-
sponding toe each light-receiving element 151 to the sec-
ond edge detection unit 277. Moreover, the third interpo-
lation unit 274 can perform the YUV conversion of a pixel
value as well as interpolation of a pixel value using the
third interpolation algorithm similarly to the second inter-
polation unit 273.
[0130] The image generation unit 275 generates the
entire image based on the pixel value of the pixel corre-
sponding to the respective light-receiving elements 151,
which is generated by the first interpolation unit 272. Be-
cause the first interpolation unit 272 uses the first inter-
polation algorithm that interpolates a pixel value so that
the difference between the pixel values of the pixels cor-
responding to the light-receiving elements 151 is small
as described above, the generated image has an excel-
lent visibility in which the pixel value changes smoothly.
The image generation unit 275 stores the generated en-
tire image in the storage unit 280.
[0131] The first edge detection unit 276 detects edge
based on the pixel value of the pixel corresponding to
the respective light-receiving elements 151, which is gen-
erated by the second interpolation unit 273. The edge is
a boundary in which the difference between pixel values
of adjacent pixels or pixels in a certain range is large,
and the first edge detection unit 276 can use the first
edge detection algorithm to detect the edge. The first
edge detection algorithm is not particularly limited, and
is favorably an edge detection algorithm that causes the
area detection unit 278 to be described later to detect an
area easily.
[0132] Here, the second interpolation unit 273 uses the
second interpolation algorithm that interpolates a pixel
value so that the difference between pixel values of the
pixels corresponding to the adjacent light-receiving ele-
ments 151 is large. Because the edge can be easily de-
tected if the difference between pixel values is large, the

21 22 



EP 2 881 914 A1

13

5

10

15

20

25

30

35

40

45

50

55

first edge detection unit 276 can detect the edge with
high accuracy. The first edge detection unit 276 supplies
the edge detection results to the area detection unit 278.
[0133] The second edge detection unit 277 detects the
edge based on the pixel value of the pixel corresponding
to the respective light-receiving elements 151, which is
generated by the third interpolation unit 274. The second
edge detection unit 277 can use the second edge detec-
tion algorithm that is different from the above-mentioned
first edge detection algorithm to detect the edge. The
second edge detection algorithm is not particularly limit-
ed, and is favorably a detection algorithm that causes
the information recognition unit 279 to be described later
to recognize information.
[0134] Here, the third interpolation unit 274 uses the
third interpolation algorithm that interpolates a pixel value
so that the difference between the pixel values of the
pixels corresponding to the adjacent light-receiving ele-
ments 151 is large. Because the edge can be easily de-
tected if the difference between pixel values is large, the
second edge detection unit 277 can detect the edge with
high accuracy. The second edge detection unit 277 sup-
plies the edge detection results to the information recog-
nition unit 279.
[0135] The area detection unit 278 detects an area
based on the edge detection results obtained from the
first edge detection unit 276. The area detection is a proc-
ess of detecting the area in which the specimen being
an observation target exists in the above-mentioned
sample S (specimen existing area). The area detection
unit 278 can regard the area in which the edge detected
in the first edge detection unit 276 exists as the specimen
existing area.
[0136] Here, because the first edge detection unit 276
detects the edge with high accuracy based on the pixel
value generated using the second interpolation algorithm
as described above, the area detection using the edge
can by performed with high accuracy by the area detec-
tion unit 278. The area detection unit 278 supplies the
area detection results to the control apparatus 16.
[0137] The information recognition unit 279 recognizes
information based on the edge detection results obtained
from the second edge detection unit 277. In the informa-
tion recognition, the display information such as charac-
ter information and code information (barcode informa-
tion) displayed in the sample S is detected, and is rec-
ognized as information. The information recognition unit
279 can perform processing such as outline extraction
from the edge detected in the second edge detection unit
277, and recognize it as information.
[0138] Here, because the second edge detection unit
277 detects the edge with high accuracy based on the
pixel value generated using the second interpolation al-
gorithm as described above, the information recognition
using the edge can by performed with high accuracy by
the information recognition unit 279. The information rec-
ognition unit 279 supplies the information recognition re-
sults to the storage unit 280, and causes the storage unit

280 to associate it with the entire image and store it.
[0139] The storage unit 280 stores the entire image
supplied from the image generation unit 275, the infor-
mation supplied from the information recognition unit
279, the microscopic image captured by the microscopic
image sensor 13, and the like.
[0140] The display unit 281 causes the display 18 to
display an image. The display unit 281 can cause the
display 18 to display the above-mentioned entire image,
the microscopic image, information associated therewith,
and the like by an arbitrary interface.

[Operation of image processing apparatus]

[0141] The operation of the image processing appara-
tus 27 having the above-mentioned configuration will be
described. Fig. 8 is an image processing flow showing
the operation of the image processing apparatus 27.
[0142] First, the output value obtaining unit 271 obtains
the output value of each light-receiving element 151
(St201). The output value obtaining unit 271 may perform
noise reduction on the obtained output value (St202).
The noise reduction is a process for removing the phys-
ical noise or electrical noise of the output value, and may
be performed using various well-known techniques. The
output value obtaining unit 271 supplies the output value
of each light-receiving element 151 to the first interpola-
tion unit 272, the second interpolation unit 273, and the
third interpolation unit 274.
[0143] The first interpolation unit 272 uses the supplied
output value of each light-receiving element 151 to inter-
polate a pixel value with the first interpolation algorithm
(linear interpolation method or the like) as described
above (St203).
[0144] Next, the image generation unit 275 performs
a correction process on the output value interpolated by
the first interpolation unit 272 (St204). The correction
process includes various correction processes such as
calibration with sRGB, white balance adjustment, and
gamma correction. As the correction process, an appro-
priate process only needs to be performed as necessary.
[0145] Next, the image generation unit 275 performs
the trimming on the pixel on which the above-mentioned
correction process is performed (St205). In the trimming,
areas in the visual filed range of the image sensor for the
entire image 15 other than the sample S are removed.
The trimming can be performed by using a pixel value
range (color range) or the like.
[0146] Next, the image generation unit 275 generates
an image (entire image) based on the pixel on which the
correction process or trimming is performed (St206). Be-
cause the pixel value is interpolated using the first inter-
polation algorithm suitable for generating an image by
the first interpolation unit 272 as described above
(St203), the entire image generated by the image gen-
eration unit 275 has an excellent visibility.
[0147] The second interpolation unit 273 uses the sup-
plied output value of each light-receiving element 151 to
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interpolate a pixel value with the second interpolation al-
gorithm (gradient method or the like) as described above
(St207). Moreover, the second interpolation unit 273 can
perform the YUV conversion of a pixel value as well as
the interpolation of a pixel value.
[0148] Next, the second interpolation unit 273 per-
forms the correction process on the pixel value of each
light-receiving element 151 (St208). The correction proc-
ess includes various correction processes such as gam-
ma correction. As the correction process, an appropriate
process may be performed as necessary.
[0149] Next, the first edge detection unit 276 uses the
first edge detection algorithm to perform edge detection
on the pixel on which the above-mentioned correction
process is performed (St209).
[0150] Next, the area detection unit 278 performs the
area detection process on the edge detection results ob-
tained from the first edge detection unit 276 to detect the
specimen existing area (St210). Because the pixel value
is interpolated by using the second interpolation algo-
rithm suitable for edge detection by the second interpo-
lation unit 273 as described above (St207), the area de-
tection unit 278 can detect an area with high accuracy.
[0151] The third interpolation unit 274 uses the sup-
plied output value of each light-receiving element 151 to
interpolate a pixel value with the third interpolation algo-
rithm (ACPI method or the like) as described above
(St211). Moreover, the third interpolation unit 274 can
perform the YUV conversion of a pixel value as well as
the interpolation of a pixel value.
[0152] Next, the third interpolation unit 274 performs
the correction process on the pixel value of each light-
receiving element 151 (St212). The correction process
includes various correction processes such as gamma
correction. As the correction process, an appropriate
process only needs to be performed as necessary.
[0153] Next, the second edge detection unit 277 uses
the second edge detection algorithm to perform edge de-
tection on the pixel on which the above-mentioned cor-
rection process is performed (St213).
[0154] Next, the information recognition unit 279 per-
forms the character detection process on the edge de-
tection results obtained from the second edge detection
unit 277 to detect a character (St214). The information
recognition unit 178 recognizes the detected character
(St215), and obtains character information. Moreover,
the information recognition unit 279 performs the code
detection process on the edge detection results obtained
from the second edge detection unit 277 to detect a code
(St216). The information recognition unit 279 recognizes
the detected code (St217) to obtain code information.
[0155] Because a pixel value is interpolated using the
third interpolation algorithm suitable for the edge detec-
tion by the third interpolation unit 274 as described above
(St211), the information recognition unit 279 can recog-
nize the character information and code information with
high accuracy.
[0156] As described above, in the image processing

apparatus 27 according to this embodiment, the first in-
terpolation unit 272 uses the first interpolation algorithm
suitable for generating an image to interpolate a pixel
value, and the second interpolation unit 272 and the third
interpolation unit 274 use the second interpolation algo-
rithm suitable for the edge detection to interpolate a pixel
value. Therefore, the image generation unit 275 can gen-
erate the entire image having a high visibility, and the
area detection unit 278 and the information recognition
unit 279 can detect an area and recognize information
with high accuracy.
[0157] Furthermore, in this embodiment, regarding the
area detection (St210) and information recognition
(St214 to St217), the pixel value interpolated by different
algorithms (the second interpolation algorithm and the
third interpolation algorithm) is used to perform the edge
detection. Therefore, it is possible to separately use an
interpolation algorithm suitable for the area detection
(gradient method or the like) and an interpolation algo-
rithm suitable for the information recognition (ACPI meth-
od or the like), and to improve the accuracy of the area
detection and information recognition as compared with
the first embodiment.
[0158] Embodiments of the present technology are not
limited to the above-mentioned embodiments and vari-
ous modifications can be made without departing from
the gist of the present technology.
[0159] In the above-mentioned first embodiment and
second embodiment, an interpolation algorithm for edge
detection (the second interpolation algorithm or the third
interpolation algorithm) was used to interpolate a pixel
value. Here, instead of the interpolation of a pixel value
for edge detection, it is possible to apply a threshold value
to the output value of each light-receiving element to di-
rectly binarize it. By performing the information recogni-
tion (character recognition or code recognition) on the
binarized value, it is possible to perform the information
recognition at a high speed and a low burden.
[0160] Moreover, in the above-mentioned first embod-
iment and second embodiment, the area detection and
information recognition was performed on the pixel value
interpolated by the interpolation algorithm for edge de-
tection (the second interpolation algorithm or the third
interpolation algorithm). Here, on the pixel value interpo-
lated by the interpolation algorithm for edge detection,
only any one of the area detection and the information
recognition may be performed. Moreover, only any one
of the character recognition and the code recognition of
the information recognition may be performed.
[0161] It should be noted that the present technology
may also take the following configurations.
[0162]

(1) An image processing apparatus, including:

an output value obtaining unit that obtains re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
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ing the plurality of light-receiving elements ar-
ranged two-dimensionally;
a first interpolation unit that uses a first interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
a second interpolation unit that uses a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
an image generation unit that generates an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
a first edge detection unit that detects an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.

(2) The image processing apparatus according to (1)
above, in which
the first interpolation algorithm is an interpolation al-
gorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is
small, and
the second interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm.
(3) The image processing apparatus according to (1)
or (2) above, further including
an area detection unit that detects an area based on
the detection results obtained from the first edge de-
tection unit.
(4) The image processing apparatus according to
any one of (1) to (3) above, further including:

a second edge detection unit that uses a second
edge detection algorithm different from the first
edge detection algorithm to detect an edge
based on the pixel value of the pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the second interpolation
unit; and
an information recognition unit that recognizes
information based on the detection result ob-
tained from the second edge detection unit.

(5) The image processing apparatus according to
any one of (1) to (4) above, in which
the second interpolation unit performs YUV conver-
sion as well as the interpolation of the pixel value.
(6) The image processing apparatus according to

any one of (1) to (5) above, in which
the first interpolation algorithm is a linear interpola-
tion method, and
the second interpolation algorithm is a gradient
method.
(7) The image processing apparatus according to
any one of (1) to (6) above, in which
the area detection unit detects an area including an
edge in the detection results obtained from the first
edge detection unit as an observation target area in
a sample, and
the information recognition unit recognizes a char-
acter or code displayed on the sample based on the
detection results obtained from the second edge de-
tection unit.
(8) The image processing apparatus according to
any one of (1) to (7) above, further including:

a third interpolation unit that uses a third inter-
polation algorithm that is different from the first
interpolation algorithm and the second interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value; and
a second edge detection unit that uses a second
edge detection algorithm different from the first
edge detection algorithm to detect an edge
based on a pixel value of a pixel of each light-
receiving element, which is interpolated by the
third interpolation unit.

(9) The image processing apparatus according to
any one of (1) to (8) above, in which
the first interpolation algorithm is an interpolation al-
gorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is
small,
the second interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm, and
the third interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm.
(10) The image processing apparatus according to
any one of (1) to (9) above, further including:

an area detection unit that detects an area based
on the detection results obtained from the first
edge detection unit; and
an information recognition unit that recognizes
information based on the detection results ob-
tained from the second edge detection unit.
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(11) The image processing apparatus according to
any one of (1) to (10) above, in which
the second interpolation unit performs YUV conver-
sion as well as the interpolation of the pixel value, and
the third interpolation unit performs YUV conversion
as well as the interpolation of the pixel value.
(12) The image processing apparatus according to
any one of (1) to (11) above, in which
the first interpolation algorithm is a linear interpola-
tion method,
the second interpolation algorithm is a gradient
method, and
the third interpolation algorithm is an advanced color
plane interpolation method.
(13) The image processing apparatus according to
any one of (1) to (12) above, in which
the area detection unit detects the area including an
edge in the detection results obtained from the first
edge detection unit as an observation target area in
a sample, and
the information recognition unit recognizes the char-
acter or code displayed on the sample based on the
detection results obtained from the second edge de-
tection unit.
(14) An image processing program that causes an
information processing apparatus to function as:

an output value obtaining unit that obtains re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
ing the plurality of light-receiving elements ar-
ranged two-dimensionally;
a first interpolation unit that uses a first interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
a second interpolation unit that uses a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
an image generation unit that generates an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
a first edge detection unit that detects an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.

(15) An image processing method, comprising:

obtaining, by an output value obtaining unit, re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
ing the plurality of light-receiving elements ar-

ranged two-dimensionally;
using, by a first interpolation unit, a first interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
using, by a second interpolation unit, a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
generating, by an image generation unit, an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
detecting, by a first edge detection unit, an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.

Description of Reference Numerals

[0163]

1 microscopic imaging apparatus
17, 27 image processing apparatus
15 image sensor for the entire image/
151 light-receiving element
171 output value obtaining unit
172 first interpolation unit
173 second interpolation unit
174 image generation unit
175 first edge detection unit
176 second edge detection unit
177 area detection unit
178 information recognition unit
271 output value obtaining unit
272 first interpolation unit
273 second interpolation unit
274 third interpolation unit
275 image generation unit
276 first edge detection unit
277 second edge detection unit
278 area detection unit
279 information recognition unit

Claims

1. An image processing apparatus, comprising:

an output value obtaining unit that obtains re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
ing the plurality of light-receiving elements ar-
ranged two-dimensionally;
a first interpolation unit that uses a first interpo-
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lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
a second interpolation unit that uses a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
an image generation unit that generates an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
a first edge detection unit that detects an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.

2. The image processing apparatus according to claim
1, wherein
the first interpolation algorithm is an interpolation al-
gorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is
small, and
the second interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm.

3. The image processing apparatus according to claim
2, further comprising
an area detection unit that detects an area based on
the detection results obtained from the first edge de-
tection unit.

4. The image processing apparatus according to claim
3, further comprising:

a second edge detection unit that uses a second
edge detection algorithm different from the first
edge detection algorithm to detect an edge
based on the pixel value of the pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the second interpolation
unit; and
an information recognition unit that recognizes
information based on the detection result ob-
tained from the second edge detection unit.

5. The image processing apparatus according to claim
2, wherein
the second interpolation unit performs YUV conver-
sion as well as the interpolation of the pixel value.

6. The image processing apparatus according to claim

2, wherein
the first interpolation algorithm is a linear interpola-
tion method, and
the second interpolation algorithm is a gradient
method.

7. The image processing apparatus according to claim
4, wherein
the area detection unit detects an area including an
edge in the detection results obtained from the first
edge detection unit as an observation target area in
a sample, and
the information recognition unit recognizes a char-
acter or code displayed on the sample based on the
detection results obtained from the second edge de-
tection unit.

8. The image processing apparatus according to claim
1, further comprising:

a third interpolation unit that uses a third inter-
polation algorithm that is different from the first
interpolation algorithm and the second interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value; and
a second edge detection unit that uses a second
edge detection algorithm different from the first
edge detection algorithm to detect an edge
based on a pixel value of a pixel of each light-
receiving element, which is interpolated by the
third interpolation unit.

9. The image processing apparatus according to claim
8, wherein
the first interpolation algorithm is an interpolation al-
gorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is
small,
the second interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm, and
the third interpolation algorithm is an interpolation
algorithm that interpolates the pixel value so that a
difference between pixel values of pixels corre-
sponding to adjacent light-receiving elements is larg-
er than the first interpolation algorithm.

10. The image processing apparatus according to claim
9, further comprising:

an area detection unit that detects an area based
on the detection results obtained from the first
edge detection unit; and
an information recognition unit that recognizes
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information based on the detection results ob-
tained from the second edge detection unit.

11. The image processing apparatus according to claim
9, wherein
the second interpolation unit performs YUV conver-
sion as well as the interpolation of the pixel value, and
the third interpolation unit performs YUV conversion
as well as the interpolation of the pixel value.

12. The image processing apparatus according to claim
9, wherein
the first interpolation algorithm is a linear interpola-
tion method,
the second interpolation algorithm is a gradient
method, and
the third interpolation algorithm is an advanced color
plane interpolation method.

13. The image processing apparatus according to claim
10, wherein
the area detection unit detects the area including an
edge in the detection results obtained from the first
edge detection unit as an observation target area in
a sample, and
the information recognition unit recognizes the char-
acter or code displayed on the sample based on the
detection results obtained from the second edge de-
tection unit.

14. An image processing program that causes an infor-
mation processing apparatus to function as:

an output value obtaining unit that obtains re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
ing the plurality of light-receiving elements ar-
ranged two-dimensionally;
a first interpolation unit that uses a first interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
a second interpolation unit that uses a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
an image generation unit that generates an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
a first edge detection unit that detects an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.

15. An image processing method, comprising:

obtaining, by an output value obtaining unit, re-
spective output values of a plurality of light-re-
ceiving elements from an image sensor includ-
ing the plurality of light-receiving elements ar-
ranged two-dimensionally;
using, by a first interpolation unit, a first interpo-
lation algorithm to interpolate a pixel value of a
pixel corresponding to the respective light-re-
ceiving elements based on the output value;
using, by a second interpolation unit, a second
interpolation algorithm different from the first in-
terpolation algorithm to interpolate a pixel value
of a pixel corresponding to the respective light-
receiving elements based on the output value;
generating, by an image generation unit, an im-
age based on a pixel value of a pixel correspond-
ing to the respective light-receiving elements,
which is interpolated by the first interpolation
unit; and
detecting, by a first edge detection unit, an edge
using a first edge detection algorithm based on
a pixel value of a pixel corresponding to the re-
spective light-receiving elements, which is inter-
polated by the second interpolation unit.
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